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Injury-Specific  Correlates  of 
Combat-Related  Traumatic  Brain  Injury 
in  Operation  Iraqi  Freedom 

Andrew  J.  MacGregor,  PhD,  MPH;  Amber  L.  Dougherty,  MPH;  Michael  R.  Galarneau,  MS 


Background:  The  prevalence  of  traumatic  brain  injury  (TBI)  has  increased  during  the  wars  in  Iraq  and  Afghanistan 
compared  with  20th  century  military  conflicts.  The  aim  of  this  study  was  to  elucidate  injury-specific  correlates  of 
combat-related  TBI  that  have  yet  to  be  clearly  defined.  Participants:  Predominately  Marine  US  service  members 
who  sustained  brain  injuries  in  Iraq  between  March  2004  and  April  2008  identified  from  clinical  records  completed 
in  the  theater  of  combat  operations  ( n  —  2074).  Main  Outcome  Measures:  Severity  of  TBI  was  classified  as  mild, 
moderate,  or  severe.  Injury-specific  factors,  such  as  injury  mechanism  and  type,  were  abstracted  from  the  clinical 
records  and  were  compared  with  severity  of  TBI.  Results:  Of  all  TBIs  observed  in  the  sample,  89%  were  mild. 
Higher  severity  of  TBI  was  associated  with  an  increased  likelihood  of  sustaining  the  injury  by  gunshot  and  a  lower 
likelihood  of  helmet  use.  Improvised  explosive  devices  were  associated  with  a  preponderance  of  mild  TBIs,  and 
frequency  of  injuries  in  locations  in  addition  to  the  head  was  highest  among  those  with  moderate  and  severe  TBIs. 
Concomitant  injuries  to  the  spine/back  were  associated  with  blast  injury  mechanisms.  Conclusions:  Most  incidents 
of  TBI  occurring  during  Operation  Iraqi  Freedom  are  mild  in  severity  and  a  result  of  blast  mechanisms.  Multiple 
injuries  were  common,  particularly  as  severity  of  TBI  increased.  Further  research  is  needed  to  determine  effects  of 
combat-related  TBI  on  rehabilitative  and  adverse  health  outcomes.  Keywords:  combat,  military,  traumatic  brain  injury 


Traumatic  brain  injury  (tbi)  has  become 

more  prevalent  during  the  current  military  conflicts 
in  Iraq  and  Afghanistan,  with  recent  published  reports 
focusing  on  the  effects  of  mild  TBI. 1-4  Because  of  the 
current  nature  of  warfare,  head  injuries  in  general  are 
more  frequent  than  in  previous  conflicts.4  One  study 
found  that  among  combat  casualties  of  Operation  Iraqi 
Freedom  (OIF),  more  than  50%  sustained  an  injury  to 
the  head,  neck,  or  face  compared  with  15%  to  25%  in 
20th-century  military  conflicts.5  Even  with  this  increased 
prevalence,  however,  a  thorough  descriptive  analysis  of 
combat-related  TBI  has  yet  to  be  conducted. 

Tactics  of  warfare  have  changed  over  the  years  becom¬ 
ing  more  asymmetrical  with  a  focus  on  blast  weaponry, 
such  as  improvised  explosive  devices  (IEDs).  Explosive 
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weaponry  has  been  responsible  for  75%  of  all  combat 
casualties  in  Iraq  and  Afghanistan.6  Characteristics  of 
blasts,  such  as  the  concussive  effects  of  the  pressure 
wave  as  well  as  the  subsequent  fragmentation,  increase 
the  likelihood  of  head  injuries,  particularly  TBI.4  Wade 
et  al5  and  Dougherty  et  al7  found  that  64%  of  head, 
neck,  and  face  injuries  were  caused  by  IEDs  compared 
with  41%  of  extremity  injuries.  Of  all  patients  admitted 
to  Walter  Reed  Army  Medical  Center  from  January  2003 
to  February  2005,  59%  of  those  injured  by  a  blast  met 
criteria  for  TBI.1  Advances  in  body  armor  and  battle¬ 
field  medical  care  have  led  to  a  much  higher  survivabil¬ 
ity  rate  from  combat  wounds,  which  will  likely  result  in 
a  greater  overall  burden  of  TBI-related  adverse  health 
sequelae.6 

To  date,  no  study  has  clearly  identified  the  injury- 
specific  characteristics  of  service  members  with  mild, 
moderate,  or  severe  combat-related  TBI.  In  addition,  the 
occurrence  of  concomitant  injuries,  which  have  been 
shown  to  affect  rehabilitation  outcome,6,8  has  not  been 
thoroughly  examined.  A  recent  study  of  extremity  in¬ 
juries  incurred  during  OIF  found  that  1  in  3  service 
members  also  had  at  least  1  injury  to  the  head  or  neck.7 
The  present  study  aimed  to  elucidate  the  demographic 
and  injury-specific  characteristics  of  combat-related  TBI 
across  all  levels  of  severity  among  a  population  of  US  ser¬ 
vice  members  injured  during  combat  operations  in  Iraq. 
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METHODS 
Study  sample 

The  study  sample  consisted  of  2074  US  service  mem¬ 
bers  who  sustained  a  TBI  during  combat  in  OIF  be¬ 
tween  March  2004  and  April  2008.  Service  members 
were  identified  from  the  Expeditionary  Medical  En¬ 
counter  Database  (EM  ED,  previously  named  Navy- 
Marine  Corps  Combat  Trauma  Registry),  which  is  main¬ 
tained  at  Naval  Health  Research  Center  (NHRC),  San 
Diego,  California.  The  EMED  contains  clinical  records 
completed  by  providers  at  forward-deployed  medical  fa¬ 
cilities  (ie,  US  military  treatment  facilities  stationed  in 
Iraq  to  treat  OIF  casualties).9  Documented  clinical  en¬ 
counters  include  those  with  serious  injuries  who  are  sub¬ 
sequently  evacuated  to  higher  levels  of  care,  as  well  as 
those  with  mild  injury  who  are  returned  to  duty.  The 
clinical  records  provide  details  about  the  injury  incident, 
such  as  injury  mechanism,  as  well  as  the  number,  type, 
and  severity  of  injuries.  Documentation  of  TBI  on  the 
service  members’  clinical  record  was  necessary  for  inclu¬ 
sion  in  the  study.  This  study  was  approved  by  the  NHRC 
Institutional  Review  Board. 

Measures 

Discharge  diagnoses  indicated  by  the  provider  and 
provider  notes  listed  in  the  narrative  fields  of  the  clin¬ 
ical  records  were  retrospectively  reviewed  by  creden- 
tialed  nurse  coders  at  the  NHRC,  and  injuries  were  as¬ 
signed  International  Classification  of  Diseases,  Ninth  Revi¬ 
sion,  Clinical  Modification  ( ICD-9-CM)  codes10  and  Ab¬ 
breviated  Injury  Scale  (AIS)  scores.11  All  participants  in 
the  present  study  had  TBI,  which  was  defined  according 
to  criteria  established  by  the  Centers  for  Disease  Control 
and  Prevention  as  indicated  by  any  1  of  the  following 
ICD-9-CM  codes:  800.0-801.9,  803.0-804.9,  or  850.0- 
854.1. 12  The  AIS  was  used  to  describe  the  severity  of 
these  injuries  and  the  injuries  were  scored  according  to 
the  following  scale:  0,  no  injury,  1,  minor,  2,  moderate-, 
3,  serious-,  4,  severe-,  5,  critical,  and  6,  fatal  injury.  As  per 
previous  literature,  each  participant  was  categorized  by 
the  severity  of  their  highest  (or  maximum)  AIS  Head 
score  as  mild  (AIS  score  =  1-2),  moderate  (AIS  score  = 
3),  or  severe  (AIS  score  =  4-6). 13  Because  of  the  aus¬ 
tere  environment  in  which  these  combat  injuries  are  sus¬ 
tained,  other  measures  of  brain  injury  severity,  such  as 
Glasgow  Coma  Scale  score,  were  often  not  recorded 
prior  to  the  administration  of  life-preserving  treatments. 
As  such,  the  AIS  is  currently  the  best  retrospective  mea¬ 
sure  of  TBI  severity  for  this  sample. 

The  Injury  Severity  Score  (ISS)  was  calculated  using 
the  AIS  scores.  The  ISS  represents  the  overall  injury 
severity  of  each  patient  and  is  scored  on  a  range  of 


0  to  75  points.14,15  Injuries  resulting  in  an  AIS  score 
or  ISS  of  0  were  not  included  in  this  analysis  since 
they  indicated  no  injury.  The  ISS  was  categorized  as 
per  previous  literature  into  mild  (ISS  =  1-3),  moder¬ 
ate  (ISS  =  4-8),  serious  (ISS  =  9-15),  and  severe  (ISS  = 
16-75). 16 

Other  injury  locations  were  defined  by  ICD-9-CM 
codes  in  the  Bareli  injury  diagnosis  matrix  as  “other  head, 
neck,  and  face  (HNF),”  “upper  extremity,”  “lower  ex¬ 
tremity,”  “torso,”  and  “spine/back.”17  The  variable  “any 
non-HNF  injury”  was  created  to  identify  participants 
with  any  other  injury  outside  the  region  of  the  head, 
neck,  or  face.  Upper  extremity  and  lower  extremity  in¬ 
jury  variables  were  combined  into  “any  extremity  injury” 
and  “both  upper  and  lower  extremity  injury.”  A  variable 
was  also  created  to  account  for  the  number  of  different 
non-HNF  injury  locations  per  patient  (ie,  ranging  from 
0  for  participants  with  only  HNF  injuries  to  4  for  partici¬ 
pants  with  additional  spine/back,  torso,  upper  extremity, 
and  lower  extremity  injuries). 

Information  was  abstracted  from  the  clinical  record 
regarding  whether  a  helmet  was  worn  at  the  time  of  the 
injury.  Mechanism  of  injury  was  categorized  into  “IED,” 
“land  mine,”  “mortar,”  “rocket,”  “grenade,”  “blast  (not 
otherwise  specified),”  “gunshot  wound,”  and  “other.” 
“Gunshot  wound”  and  “other”  were  further  categorized 
into  “nonblast”  and  compared  with  all  other  mecha¬ 
nisms,  classified  as  “blast.” 

The  demographic  variables  age,  military  rank,  branch 
of  service,  gender,  and  occupational  specialty  were  also 
included  in  the  analysis.  Military  rank  was  categorized  as 
junior  enlisted  (E1-E3),  noncommissioned  officers  (E4- 
E5),  senior  enlisted  (E6-E9),  officers/ warrant  officers, 
and  unknown.  Branch  of  service  was  categorized  into 
Marines,  Army,  and  other/unknown.  Occupation  was  de¬ 
fined  as  infantry  or  noninfantry,  based  on  indication  of 
an  infantry-related  job  specialty  (ie,  general  infantry,  ri¬ 
fleman,  mortarman,  missileman,  or  machine  gunner)  via 
military  occupational  data. 

Data  analysis 

All  statistical  analyses  were  performed  using  SAS 
software,  Version  9.1  (SAS  Institute,  Inc,  Cary,  North 
Carolina)  and  SPSS  software,  Version  17.0  (SPSS,  Inc., 
Chicago,  Illinois).  Demographic  information  was  strat¬ 
ified  and  compared  on  the  basis  of  TBI  severity  (mild, 
moderate,  or  severe).  Differences  across  groups  by  TBI 
severity  status  were  tested  using  chi-square  and  Fisher 
exact  tests  for  categorical  variables  and  Wilcoxon  non- 
parametric  testing  for  age  (due  to  nonnormal  distribu¬ 
tion).  Comparisons  were  similarly  conducted  for  injury- 
specific  variables.  The  distribution  of  concomitant 
injuries  was  compared  between  blast  and  nonblast  TBIs, 
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TABLE  1 


Descriptive  statistics,  TBI,  Operation  Iraqi  Freedom,  March  2004-April  2008 


Characteristic 

Total  TBI 
( N  =  2074) 

Mild  TBI 
(IM  =  1852) 

Moderate  TBI 
[N  =  90) 

Severe  TBI 
( N  =  132) 

X2 

P 

Age,3  median  (range),  y 

22.0 

(18-57) 

22.0 

(18-52) 

22.0 

(18-57) 

22.0 

(19-49) 

0.33 

.849 

Rank,  n  (%) 

8.81 

.359 

E1-E3 

1010 

(48.7) 

914 

(49.4) 

33 

(36.7) 

63 

(47.7) 

E4-E5 

824 

(39.7) 

727 

(39.3) 

43 

(47.8) 

54 

(40.9) 

E6-E9 

163 

(7.9) 

146 

(7.9) 

7 

(7.8) 

10 

(7.6) 

WO/officer 

65 

(3.1) 

55 

(3.0) 

6 

(6.7) 

4 

(3.0) 

Unknown 

12 

(0.6) 

10 

(0.5) 

1 

(1.1) 

1 

(0.8) 

Service,  n  (%) 

13.27 

.01 0b 

Army 

282 

(13.6) 

238 

(12.9) 

22 

(24.4) 

22 

(16.7) 

Marines 

1670 

(80.5) 

1509 

(81.5) 

62 

(68.9) 

99 

(75.0) 

Other/unknown 

122 

(5.9) 

105 

(5.7) 

6 

(6.7) 

11 

(8.3) 

Male,  n  (%) 

2063 

(99.5) 

1842 

(99.5) 

90 

(100.0) 

131 

(91.2) 

0.61 

.736 

Infantry,  n  (%)c 

1113 

(58.3) 

995 

(58.3) 

50 

(59.5) 

68 

(57.6) 

0.08 

.963 

Abbreviations:  TBI,  traumatic  brain  injury;  WO,  warrant  officer. 

aKruskal-Wallis  test. 

bStatistically  significant  at  the  .05  level. 

cMissing  occupational  data:  n=  144,  6,  and  14  for  mild  TBI,  moderate  TBI,  and  severe  TBI,  respectively. 


using  chi-square  tests  for  significance.  Injury-specific  in¬ 
formation  was  further  compared  using  chi-square  testing 
across  groups,  stratified  by  helmet  use  at  point  of  injury. 
An  a  level  of  P  <  .05  was  used  to  determine  significance. 

RESULTS 

The  total  sample  consisted  of  2074  service  members 
with  TBI  who  were  injured  in  OIF  combat  between 
March  2004  and  April  2008.  With  regard  to  severity, 
89.3%  of  service  members  sustained  mild  TBI,  4.3% 
moderate,  and  6.4%  severe.  Table  1  shows  a  breakdown 
of  demographic  characteristics  for  the  study  sample, 
stratified  by  TBI  severity  status.  Among  the  total  sam¬ 
ple,  the  median  age  was  22  years,  the  majority  of  the 
participants  were  junior  enlisted  and  noncommissioned 


officers  (E1-E5),  more  than  80%  were  Marines,  nearly  all 
were  men,  and  more  than  half  had  infantry-related  oc¬ 
cupations.  Of  the  demographic  variables,  only  military 
service  branch  differed  across  TBI  severity  groups  (x2  — 
13.27,  P  =  .01),  with  a  higher  percentage  of  Army  per¬ 
sonnel  in  the  moderate  and  severe  TBI  groups.  Among 
the  2074  participants,  there  were  a  total  of  2623  ICD- 
9-CM  codes  indicating  TBI.  The  distribution  of  these 
codes  by  TBI  severity,  as  indicated  by  the  AIS,  is  listed 
in  Table  2.  Nearly  all  injuries  categorized  as  mild  TBI 
were  intracranial  injuries  without  skull  fracture  (99.6%). 

Injury-specific  characteristics  stratified  by  TBI  sever¬ 
ity  are  shown  in  Table  3.  Improvised  explosive  devices 
were  responsible  for  the  majority  ofTBIs  overall,  though 
the  percentage  was  highest  among  service  members  with 
mild  TBI.  Service  members  with  moderate  and  severe 


TABLE  2 


Description  of  the  total  number  of  TBI  diagnoses  (TV  =  2623)  among  all  TBI 


participants 


ICD-9  grouping 

Mild  TBI 
(N  =  1880) 

Moderate  TBI 
( N  =  199) 

Severe  TBI 
( N  =  544) 

Intracranial  injury  without  skull  fracture  (ICD-9  850-854),  n  (%) 

1876 

(99.6) 

115 

(58.8) 

378 

(69.5) 

Skull  fracture  with  intracranial  injury  (ICD-9  800-801 ,  803-804 
except  .0  and  .5),  n  (%) 

4 

(0.2) 

68 

(34.2) 

162 

(29.8) 

Skull  fracture  without  intracranial  injury  (ICD-9  800-801 , 

803-804  With  .0  or  .5),  n  (%) 

4 

(0.2) 

16 

(8.0) 

4 

(0.7) 

Abbreviations:  ICD-9,  International  Classification  of  Diseases,  Ninth  Revision',  TBI,  traumatic  brain  injury. 
Participants  can  have  more  than  1  TBI  diagnosis. 


www.headtraumarehab.com 


Copyright  ©  2010  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Copyright  ©  Wolters  Kluwer  Health  |  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


4  Journal  of  Head  Trauma  and  Rehabilitation 


TABLE  3 


April  2008 


Injury-related  characteristics,  TBI,  Operation  Iraqi  Freedom,  March  2004- 


Characteristic 

Total  TBI 
( N  =  2074) 

Mild  TBI 
( N  =  1852) 

Moderate  TBI 
( N  =  90) 

Severe  TBI 
( IM  =  132) 

X2 

P 

Injury  Severity  Score,3  n  (%) 

1-3 

1124 

(54.2) 

1124 

(60.7) 

0 

(0.0) 

0 

(0.0) 

4-8 

598 

(28.8) 

598 

(32.3) 

0 

(0.0) 

0 

(0.0) 

9-15 

132 

(6.4) 

93 

(5.0) 

39 

(43.3) 

0 

(0.0) 

16-75 

220 

(10.6) 

37 

(2.0) 

51 

(56.7) 

132 

(100.0) 

Injury  mechanism,  n  (%) 

358.70 

<.001b 

Improvised  explosive  device 

1650 

(79.6) 

1521 

(82.1) 

59 

(65.6) 

70 

(53.3) 

Land  mine0 

79 

(3.8) 

77 

(4.2) 

2 

(2.2) 

0 

(0.0) 

Mortar 

60 

(2.9) 

48 

(2.6) 

4 

(4.4) 

8 

(6.1) 

Rocket 

68 

(3.3) 

64 

(3.5) 

1 

(1.1) 

3 

(2.3) 

Grenade 

18 

(0.9) 

14 

(0.8) 

3 

(3.3) 

1 

(0.8) 

Blast,  not  otherwise  specified 

112 

(5.4) 

98 

(5.3) 

7 

(7.8) 

7 

(5.3) 

Gunshot  wound 

77 

(3.7) 

23 

(1.2) 

12 

(13.3) 

42 

(31.8) 

Other 

10 

(0.5) 

7 

(0.4) 

2 

(2.2) 

1 

(0.8) 

Non-HNF  injuries,  n  (%) 

Any  non-HNF  injury 

835 

(40.3) 

691 

(37.3) 

69 

(76.7) 

75 

(56.8) 

71.34 

<.001b 

Any  extremity  injury 

633 

(30.5) 

503 

(27.2) 

62 

(68.9) 

68 

(51.5) 

99.78 

<.001b 

Upper  extremity 

440 

(21.2) 

327 

(17.7) 

53 

(58.9) 

60 

(45.5) 

136.83 

<.001b 

Lower  extremity 

422 

(20.3) 

328 

(17.7) 

46 

(51.1) 

48 

(36.4) 

81.39 

<.001b 

Both  upper  and  lower 

229 

(11.0) 

152 

(8.2) 

37 

(41.1) 

40 

(30.3) 

147.85 

<.001b 

extremities 

Spine/back 

239 

(11.5) 

216 

(11.7) 

14 

(15.6) 

9 

(6.8) 

4.34 

.114 

Torso 

242 

(11.7) 

166 

(9.0) 

38 

(42.2) 

38 

(28.8) 

132.20 

<.001b 

Non-HNF  injury  locations,  n  (%) 

190.28 

<.001b 

0 

1239 

(59.7) 

1161 

(62.7) 

21 

(23.3) 

57 

(43.2) 

1 

490 

(23.6) 

448 

(24.2) 

19 

(21.1) 

23 

(17.4) 

2 

208 

(10.0) 

158 

(8.5) 

23 

(25.6) 

27 

(20.5) 

3 

111 

(5.4) 

67 

(3.6) 

22 

(24.4) 

22 

(16.7) 

4 

26 

(1.3) 

18 

(1.0) 

5 

(5.6) 

3 

(2.3) 

Other  HNF  injuries,  n  (%) 

1245 

(60.0) 

1085 

(58.6) 

81 

(90.0) 

79 

(59.8) 

35.30 

<.001b 

Abbreviations:  HNF,  head,  neck,  and  face;  TBI,  traumatic  brain  injury. 
aChi-square  analysis  not  performed  because  of  cell  counts  of  zero. 
Statistically  significant  at  the  .05  level. 

cExcluded  from  chi-square  analysis  because  of  cell  count  of  zero. 


TBI  sustained  a  higher  proportion  of  injuries  due  to 
gunshot  wounds.  Presence  of  other  HNF  injuries  and 
non-HNF  injuries  differed  significantly  by  TBI  severity 
(X2  =  35.30,  P  <  .001;  and  x2  =  71.34,  P  <  .001,  re¬ 
spectively).  Those  with  moderate  TBIs  had  the  highest 
proportion  of  other  HNF  injuries  and  non-HNF  injuries 
and  more  than  1  non-HNF  location.  Among  the  total 
sample,  the  most  common  non-HNF  injury  location  in¬ 
volved  an  upper  or  lower  extremity  (21.2%  and  20.3%, 
respectively).  Service  members  with  moderate  and  se¬ 
vere  TBI  had  a  greater  frequency  of  all  non-HNF  injury 
locations,  with  the  exception  of  spine/back,  than  those 
with  mild  TBI.  Overall  11.0%  of  service  members  with 
TBI  also  had  injuries  to  both  upper  and  lower  extremi¬ 
ties,  with  higher  percentages  among  those  with  moderate 
(41.1%)  and  severe  (30.3%)  TBIs. 


A  comparison  of  service  members  with  blast  and  non¬ 
blast  TBIs  is  shown  in  Table  4.  The  majority  of  TBIs 
(95.8%)  were  caused  by  a  blast  mechanism.  Blast  mecha¬ 
nism  produced  a  greater  percentage  of  other  HNF  (x2  = 
6.30,  P  =  .012)  and  spine/back  injuries  (x2  =  7.58, 
P  =  .006).  Blast  and  nonblast  TBIs  did  not  differ  on 
any  other  non-HNF  injury  variables.  Table  5  describes 
injury-specific  characteristics  by  helmet  use  at  the  point 
of  injury.  For  those  personnel  with  documentation  on 
helmet  use  (or  no  use),  more  than  95%  were  wearing  a 
helmet  at  the  point  of  injury.  Those  wearing  a  helmet  at 
the  point  of  injury  were  more  likely  to  have  sustained 
less  severe  TBIs  (x2  =  33.82,  P  <  .001)  and  assigned 
lower  ISSs  (x2  =  17.53,  P  <  .001).  A  smaller  percentage 
of  those  without  a  helmet  were  injured  as  the  result  of 
IEDs  (x2  =  134.72,  P  <  .001). 
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TABLE  4 


Distribution  of  concomitant  injuries  by  blast,  nonblast  mechanism,  traumatic 
brain  injury,  Operation  Iraqi  Freedom,  March  2004-April  2008 


Injury  type 

Blast 

(/V  =  1987) 

Nonblast 
(N  =  87) 

x2 

P 

Other  HNF  injuries,  n  (%) 

1204 

(60.6) 

41 

(47.1) 

6.30 

.01 2a 

Non-HNF  injuries,  n  (%) 

Any  non-HNF  injury 

807 

(40.6) 

28 

(32.2) 

2.46 

.117 

Any  extremity  injury 

611 

(30.7) 

22 

(25.3) 

1.17 

.279 

Upper  extremity 

423 

(21.3) 

17 

(19.5) 

0.15 

.696 

Lower  extremity 

407 

(20.5) 

15 

(17.2) 

0.54 

.462 

Both  upper  and  lower  extremities 

219 

(11.0) 

10 

(11.5) 

0.02 

.890 

Spine/back 

237 

(11.9) 

2 

(2.3) 

7.58 

.006a 

Torso 

231 

(11.6) 

11 

(12.6) 

0.77 

.772 

Number  of  non-HNF  injury  locations,  n  (%) 

2.62 

.454 

0 

1180 

(59.4) 

59 

(67.8) 

1 

475 

(23.9) 

15 

(17.2) 

2 

199 

(10.0) 

9 

(10.3) 

3 

107 

(5.4) 

4 

(4.6) 

4b 

26 

(1.3) 

0 

(0.0) 

Abbreviation:  HNF,  head,  neck,  and  face. 

Statistically  significant  at  the  .05  level. 

bExcluded  from  chi-square  analysis  because  of  cell  count  of  zero. 

DISCUSSION 

The  present  study  examined  the  largest  sample,  to 
date,  of  US  service  members  who  sustained  TBI  dur¬ 
ing  combat  operations  in  Iraq.  More  than  95%  of  service 


members  in  the  study  were  injured  by  blast  mechanisms, 
and  approximately  90%  sustained  a  mild  brain  injury. 
These  findings  are  similar  to  other  studies  from  varying 
periods  of  OIF.6,1819  In  contrast,  a  study  that  examined 
patients  admitted  to  Walter  Reed  Army  Medical  Center 


TABLE  5 


Distribution  of  injury  factors  by  helmet  use  at  the  time  of  injury,  TBI,  Operation 
Iraqi  Freedom,  March  2004-April  2008 


Factor 

Helmet  (n 

=  1592) 

No  helmet  (n  =  83) 

x2 

P 

Injury  Severity  Score,  n  (%) 

17.53 

,001a 

1-3 

919 

(57.7) 

33 

(39.8) 

4-8 

464 

(29.1) 

29 

(34.9) 

9-15 

104 

(6.5) 

7 

(8.4) 

16-75 

105 

(6.6) 

14 

(16.9) 

TBI  severity,  n  (%) 

33.82 

<.001a 

Mild 

1484 

(93.2) 

63 

(75.9) 

Moderate 

53 

(3.3) 

9 

(10.8) 

Severe 

55 

(3.5) 

11 

(13.3) 

Other  HNF  injuries,  n  (%) 

968 

(60.8) 

48 

(57.8) 

0.29 

.589 

Injury  mechanism,  n  (%) 

134.72 

<.001a 

Improvised  explosive  device 

1305 

(82.0) 

33 

(39.8) 

Land  mine 

68 

(4.3) 

2 

(2.4) 

Mortar 

32 

(2.0) 

13 

(15.7) 

Rocket 

48 

(3.0) 

10 

(12.0) 

Grenade 

13 

(0.8) 

4 

(4.8) 

Blast,  not  otherwise  specified 

79 

(5.0) 

12 

(14.5) 

Gunshot  wound 

41 

(2.6) 

9 

(10.8) 

Otherb 

6 

(0.4) 

0 

(0.0) 

Abbreviations:  HNF,  head,  neck,  and  face;  TBI,  traumatic  brain  injury. 
aStatistically  significant  at  the  .05  level. 

bExcluded  from  chi-square  analysis  because  of  cell  count  of  zero. 
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in  the  United  States  found  that  only  44%  of  patients  in 
the  sample  sustained  mild  TBI.1 2 3  The  referenced  study 
likely  included  a  preponderance  of  individuals  with  se¬ 
vere  injuries,  whereas  the  present  study  assessed  service 
members  who  received  medical  care  at  forward-deployed 
medical  facilities  in  Iraq,  which  included  those  who  were 
returned  to  duty  with  minor  injury. 

A  primary  finding  of  the  present  study  was  the  signif¬ 
icant  number  of  concomitant  non-HNF  injuries,  partic¬ 
ularly  among  those  with  moderate  and  severe  TBIs.  To 
our  knowledge,  these  results  have  not  been  previously 
identified  in  the  literature  and  suggest  that  there  may 
be  an  injury-specific  profile  for  combat-related  TBI  that 
differs  by  TBI  severity.  For  example,  more  than  30%  of 
service  members  with  severe  TBI  and  40%  of  those  with 
moderate  TBI  sustained  concomitant  injuries  to  both 
upper  and  lower  extremities.  Another  notable  finding 
among  the  non-HNF  injuries  was  the  higher  proportion 
of  spine/back  injuries  among  those  with  blast-related 
TBI.  Some  researchers  suggest  that  the  presence  of  other 
injuries  may  adversely  affect  the  rehabilitation  process 
for  TBI,  thus  leading  to  a  poorer  outcome.8,20,21  The 
contribution  of  concomitant  injuries  to  longer-term  out¬ 
come  of  combat-related  TBI  warrants  further  study. 

The  present  study  was  also  one  of  the  first  to  exam¬ 
ine  the  relationship  between  helmet  use  and  severity  of 
combat-related  TBI.  As  expected,  those  who  reported 
not  wearing  a  helmet  at  the  point  of  injury  sustained 
more  severe  TBIs  and  more  severe  injuries  overall.  In 
addition,  helmet  use  was  associated  with  injury  mech¬ 
anism;  IEDs  were  responsible  for  less  than  half  (40%) 
of  the  attacks  on  those  not  wearing  a  helmet  compared 
with  82%  of  the  attacks  on  those  wearing  a  helmet.  One 
possible  explanation  for  this  difference  in  helmet  use  by 
mechanism  of  injury  is  that  I  ED  attacks  tend  to  occur 
when  individuals  are  in  vehicles  on  convoys,  where  hel¬ 
met  use  is  required.  In  contrast,  other  modes  of  attack, 
including  sniper  fire,  mortars,  and  rockets,  can  occur 
while  individuals  are  in  situations  where  attacks  are  un¬ 
expected,  such  as  in  berthing  areas  or  on  base  where  units 
may  ease  restrictions  on  helmet  use. 

Some  notable  strengths  of  the  study  include  that 
this  analysis  was  the  first  to  thoroughly  examine  injury- 
specific  information  from  the  point  of  injury  and  across 
all  severities  of  combat-related  TBI.  Specifically,  this 


study  included  service  members  with  mild  TBIs  who 
were  returned  to  duty.  The  returned  to  duty  population 
from  forward-deployed  medical  facilities  is  unique  only 
to  the  EMED  and  has  added  importance  because  many 
service  members  with  mild  TBIs  can  go  unrecognized 
and  untreated  after  initial  presentation.  Another  strength 
of  the  present  study  was  that  brain  injury  was  diagnosed 
by  medical  providers  immediately  following  the  injury; 
this  is  in  contrast  to  2  recent  studies  that  relied  on  self- 
report  information,  which  is  subject  to  recall  bias.22,23 

The  present  study  also  had  limitations  that  warrant 
mention.  As  indicated  in  the  description  of  the  method¬ 
ology,  due  to  the  austere  environment,  some  details  may 
have  been  lacking  in  the  clinical  records  (eg,  Glasgow 
Coma  Scale  score,  use  of  a  helmet).  The  coding  of  the 
injuries  could  be  only  as  comprehensive  as  the  infor¬ 
mation  available  in  the  records.  The  missing  data  in  the 
helmet  use  analysis  led  to  a  small  sample  size  in  the  “no 
helmet”  group  that  may  have  influenced  the  results.  Fi¬ 
nally,  because  the  study  population  was  identified  from 
Navy-Marine  Corps  medical  facilities,  the  study  sample 
does  not  include  all  TBIs  occurring  in  the  theater  of  com¬ 
bat  operations;  those  treated  at  Army  facilities  were  not 
included.  This  sample,  however,  represents  the  largest 
number  of  service  members  with  clinically  diagnosed 
TBIs  ever  studied  among  deployed  OIF  personnel. 

In  conclusion,  the  present  study  characterized  service 
members  with  mild,  moderate,  and  severe  TBIs  and  was 
consistent  with  previous  literature  in  finding  that  a  large 
majority  of  combat-related  TBIs  are  mild  in  severity  and 
are  caused  by  blast-related  mechanisms.  The  identifica¬ 
tion  of  a  significant  number  of  concomitant  other  HNF 
and  non-HNF  injuries  among  those  with  TBI  may  in¬ 
dicate  the  need  for  intervention  during  the  rehabilita¬ 
tion  phase  among  this  injured  subgroup.  The  helmet 
use  findings  reaffirm  the  need  for  and  value  of  personal 
protective  equipment  in  a  combat  theater.  Overall,  this 
study  takes  an  important  step  in  further  defining  combat- 
related  TBIs  during  OIF  and  identifies  potential  areas 
of  future  research  to  include  the  effect  of  concomitant 
injuries  on  long-term  rehabilitation  outcome  of  TBI.  Se¬ 
quelae  of  combat-related  TBI  will  likely  continue  long 
after  OIF  operations  have  ceased  and,  as  such,  it  is  es¬ 
sential  to  further  elucidate  injury  profiles  and  patterns 
related  to  TBI  in  the  current  wartime  environment. 


REFERENCES 


1.  Okie  S.  Traumatic  brain  injury  in  the  war  zone.  N  Engl  J  Med. 
2005  ;3  52(20)  :2043-2047. 

2.  Warden  D.  Military  TBI  during  the  Iraq  and  Afghanistan  wars. 
J  Head  Trauma  Rehabil.  2006;2 1(5):398— 402. 

3.  Martin  EM,  Lu  WC,  Helmick  K,  French  L,  Warden  DL.  Traumatic 
brain  injuries  sustained  in  the  Afghanistan  and  Iraq  wars.  Am  J 
Nurs.  2008 ;  1 08(4)  :40-47. 


4.  Zeitzer  MB,  Brooks  JM.  In  the  line  of  fire— traumatic  brain 
injury  among  Iraq  War  veterans.  AAOHN  J.  2008;56(8)347- 
353. 

5.  Wade  AL,  Dye  JL,  Mohrle  CR,  Galarneau  MR.  Head,  face,  and 
neck  injuries  during  Operation  Iraqi  Freedom  II:  results  from 
the  US  Navy-Marine  Corps  Combat  Trauma  Registry.  /  Trauma. 
2007;63(4):836— 840. 


Copyright  ©  2010  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Copyright  ©  Wolters  Kluwer  Health  |  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


6.  Institute  of  Medicine.  Gulf  War  and  Health:  Long-Term  Conse¬ 
quences  of  Traumatic  Brain  Injury .  Vol  7.  Washington,  DC:  National 
Academies  Press;  2009. 

7.  Dougherty  AL,  Mohrle  CR,  Galarneau  MR,  Woodruff  SI,  Dye 
JL,  Quinn  KH.  Battlefield  extremity  injuries  in  Operation  Iraqi 
Freedom.  Injury.  2009;40:772-777. 

8.  Stulemeijer  M,  van  der  Werf  SP,  Jacobs  B,  et  al.  Impact  of  addi¬ 
tional  extracranial  injuries  on  outcome  after  mild  traumatic  brain 
injuries./ Neurotrauma.  2006 ;23(10):  156 1-1 569. 

9.  Galarneau  MR,  Hancock  WC,  Konoske  P,  et  al.  The  Navy-Marine 
Corps  Combat  Trauma  Registry.  Mil  Med.  2006 ;  171  (8)  :69 1-697. 

10.  Commission  on  Professional  Hospital  Activities.  International 
Classification  of  Diseases,  9th  Revision,  Clinical  Modification.  Ann 
Arbor,  MI:  Edwards  Brothers;  1977. 

1 1 .  Gennarelli  T,  Wodzon  E.  The  Abbreviated  Injury  Scale  2005.  Des 
Plaines,  IL:  Association  for  the  Advancement  of  Automotive 
Medicine;  2005. 

12.  Thurman  DJ,  Sniezek  JE,  Johnson  D,  Greenspan  A,  Smith  SM. 
Guidelines  for  Surveillance  of  Central  Nervous  System  Injury.  Atlanta, 
GA:  Centers  for  Disease  Control  and  Prevention;  1995. 

13.  Ommaya  AK,  Ommaya  AK,  Dannenberg  AL,  Salazar  AM.  Cau¬ 
sation,  incidence,  and  costs  of  traumatic  brain  injury  in  the  US 
military  medical  system./ Trauma.  1996;40:211-217. 

14.  Baker  SP,  O’Neill  B,  Haddon  W,  Long  WB.  The  Injury  Severity 
Score:  a  method  for  describing  patients  with  multiple  injuries  and 
evaluating  emergency  care./ Trauma.  1974;14:187-196. 

15.  Copes  WS,  Champion  HR,  Sacco  WJ,  Lawnick  MM,  Keast  SL, 


Combat-Related  Traumatic  Brain  Injury  7 

Bain  LW.  The  Injury  Severity  Score  revisited.  /  Trauma.  1988; 
28(1):69— 76. 

16.  Linn  S,  Linn  R,  Sheps  S,  et  al.  Injury  severity  scoring  and  length  of 
stay  in  hospital  of  war  casualties— demonstration  of  an  association 
and  possible  selection  bias.  Int J Epidemiol.  1993;22(5):905-910. 

17.  Barrel  V,  Aharonson-Daniel  L,  Fingerhut  LA,  et  al.  An  introduc¬ 
tion  to  the  Bareli  body  region  by  nature  of  injury  diagnosis  matrix. 
InjPrev.  2002;8:91-96. 

18.  Galarneau  MR,  Woodruff  SI,  Dye  JL,  Mohrle  CR,  Wade  AL.  Trau¬ 
matic  brain  injury  during  Operation  Iraqi  Freedom:  findings  from 
the  United  States  Navy-Marine  Corps  Combat  Trauma  Registry. 
J Neurosurg.  2008;108(5):950-957. 

19.  MacGregor  AJ,  Shaffer  RA,  Dougherty  AL,  et  al.  Prevalence  and 
psychological  correlates  of  traumatic  brain  injury  in  Operation 
Iraqi  Freedom.  J  Head  Trauma  Rehabil.  2010;25(l):l-8. 

20.  Dikmen  SS,  Temkin  NR,  Machamer  JE,  Holubkov  AL,  Fraser  RT, 
Winn  HR.  Employment  following  traumatic  head  injuries.  Arch 
Neurol.  1994;51:177-186. 

2 1 .  Kibby  MY,  Long  CJ.  Effective  treatment  of  minor  head  injury  and 
understanding  its  neurological  consequences.  Appl  Neuropsychol. 
1997;4(l):34-42. 

22.  Terrio  H,  Brenner  LA,  Ivins  BJ,  et  al.  Traumatic  brain  injury  screen¬ 
ing:  preliminary  findings  in  a  US  Army  Brigade  Combat  Team. 
J  Head  Trauma  Rehabil.  2009;24(1):  14— 23. 

23.  Hoge  CW,  McGurk  D,  Thomas  JL,  Cox  AL,  Engel  CC,  Castro 
CA.  Mild  traumatic  brain  injury  in  US  soldiers  returning  from 
Iraq.  New  Engl J  Med.  2008;358(5):453— 463. 


www.headtraumarehab.com 


Copyright  ©  2010  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


REPORT  DOCUMENTATION  PAGE 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data 
sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions  for  reducing  the  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports, 
1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject 
to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  Control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO 
THE  ABOVE  ADDRESS. 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT  (maximum  200  words) 

Background;  Traumatic  brain  injury  (TBI)  has  become  more  prevalent  during  the  wars  in  Iraq  and 
Afghanistan.  The  aim  of  this  study  was  to  elucidate  injury-specific  correlates  of  combat-related  TBI  that  have 
yet  to  be  clearly  defined. 

Patients:  US  service  members  injured  in  Iraq  between  March  2004  and  April  2008  were  identified  from  clinical 
records  completed  in  the  theater  of  combat  operations  (n  =  2074). 

Main  Outcome  Measures:  Severity  of  TBI  was  classified  as  mild,  moderate,  or  severe.  Injury-specific  factors, 
such  as  injury  mechanism  and  type,  were  abstracted  from  the  clinical  records  and  were  compared  by  severity 
of  TBI. 

Results:  Of  all  TBIs  in  the  sample,  90%  were  mild.  Higher  severity  of  TBI  was  associated  with  a  greater 
proportion  of  gunshot  wounds  and  lower  frequency  of  helmet  use.  Improvised  explosive  devices  were 
responsible  for  a  preponderance  of  mild  TBIs,  and  frequency  of  other  injury  locations  was  highest  among  those 
with  moderate  TBI.  Concomitant  injuries  to  the  spine/back  were  associated  with  blast  injury  mechanisms. 

Conclusions:  Combat  veterans  with  TBI  often  sustain  multiple  injuries,  though  profiles  differ  by  severity  of  TBI. 
Further  research  is  needed  to  determine  effects  of  combat-related  TBI  on  rehabilitative  and  adverse  health 
outcomes. 

14.  SUBJECT  TERMS 

traumatic  brain  injury,  combat,  military _ 

’  17.  LIMITATION  1 18.  NUMBER 

OF  ABSTRACT  OF  PAGES 

UNCL  7 

1 18b.  TELEPHONE  NUMBER  (INCLUDING  AREA  CODE) 

Standard  Form  298  (Rev.  8-98) 
Prescribed  by  ANSI  Std.  Z39-18 


18a.  NAME  OF  RESPONSIBLE  PERSON 

Commanding  Officer 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 

b.ABSTRACT 

b.  THIS  PAGE 

UNCL 

UNCL 

UNCL 

1.  REPORT  DATE(DD  MM  YY)  2.  REPORT  TYPE 

30  08  09  Journal  submission 

4.  TITLE  AND  SUBTITLE  Injury-Specific  Correlates  of 

Combat-Related  Traumatic  Brain  Injury  in  Operation  Iraqi  Freedom 

6.  AUTHORS 

LCDR  Andrew  J.  MacGregor,  Amber  L.  Dougherty,  and  Michael  R.  Galarneau 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Commanding  Officer 
Naval  Health  Research  Center 
140  Sylvester  Rd 
San  Diego,  CA  92106 

8.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 

Commanding  Officer  Commander 

Naval  Medical  Research  Center  Navy  Medicine  Support  Command 

503  Robert  Grant  Ave  P.O.  Box  140 

Silver  Spring,  MD  20910-7500  Jacksonville,  FL  32213-0140 


3.  DATES  COVERED  (from  -  to) 

Jan  2008 -Jul  2009 

5a.  Contract  Number: 

5b.  Grant  Number: 

5c.  Program  Element:  00001 8KD 
5d.  Project  Number: 

5e.  Task  Number:  001 

5f.  Work  Unit  Number:  60808 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

09-27 

10.  Sponsor/Monitor's  Acronyms(s) 

NMRC/NMSC _ 

11.  Sponsor/Monitor's  Report  Number(s) 


